Abstract-Hydroboration of terminal and internal alkenes with pinacolborane (1.2 equivalents) was carried out at room temperature in the presence of an iridium(I) catalyst (3 mol%). Addition of dppm (2 equivalents) to [Ir(cod)Cl] 2 gave the best catalyst for hydroboration of aliphatic terminal and internal alkenes at room temperature, resulting in addition of the boron atom to the terminal carbon of 1-alkenes with more than 99% selectivities. On the other hand, a complex prepared from dppe (2 equivalents) and [Ir(cod)Cl] 2 resulted in the best yields for vinylarenes such as styrene.
upon metal catalysts and hydroboration reagents, the boron atom is selectively added to the terminal carbon of aliphatic 1-alkenes. Representative metal complexes such as Rh(PPh 3 ) 3 Cl, 14 [Rh(nbd)(dppb)]BF 4 , 14 Cp*Sm(THF), 12 SmI 3 15 and Cp 2 ZrHCl 16 have been reported to yield terminal products (2) for both catecholborane and pinacolborane.
Thus, selectivity and activity of representative metal catalysts have been studied extensively; however, there is little information on the corresponding iridium complexes. 9,14b We report here that neutral iridium(I)-phosphine complexes such as hydroboration, but they are catalysts that show a high terminal selectivity in hydroboration of styrene with catecholborane. 9,14b Indeed, most neutral and cationic iridium-phosphine complexes mainly afforded a terminal boron product (2) also for pinacolborane (entries 12-24) . Among them, a combination of [IrCl(cod)] 2 and dppe, dppp or dppb was recognized to be the best catalyst for achieving high yields and high selectivities (entries [13] [14] [15] . Analogous catalysts prepared from a cationic iridium(I) precursor also predominated the formation of 2, but they were less selective than were neutral complexes (entries [17] [18] [19] [20] [21] [22] [23] [24] .
<<Table 1>>
Effects of rhodium and iridium catalysts on hydroboration of 1-octene with pinacolborane are summarized in Table 2 . In contrast to styrene, which was more prone to yield internal addition products (3) or dehydrogenative coupling products (4), all rhodium(I) and iridium(I) catalysts selectively provided a terminal hydroboration product (2) whereas dppe was a better ligand than dppm for aromatic alkenes (entries 7-12).
However, both catalysts failed to catalyze hydroboration of nitrile and pyridine derivatives in high yields due to their strong coordination ability to the metal catalysts (entries 6 and 13). It has been reported that hydroboration of the terminal double bond of 1-hexen-5-one with catecholborane is much faster than reduction of the carbonyl group in the presence of RhCl(PPh 3 ) 3 ; thus giving hydroboration product (2) and 1-hexen-5-ol in a ratio of 83 : 17.
3 Such a carbonyl group also remained perfectly intact in the iridium-catalyzed hydroboration with pinacolborane (entry 2). All aliphatic and aromatic terminal alkenes selectively gave terminal products (2) even for pentafluorophenylethene (entry 11). Pentafluorophenylethene, which is inert to uncatalyzed hydroboration with 9-BBN or HBSia 2 (Sia=1,2-dimethylpropyl), has previously been hydroborated with catecholborane in the presence of RhCl(PPh 3 ) 3 (Eq.
2). Catecholborane predominantly afforded the internal product (5/6=79/21), and bulkier pinacolborane effected to further increase the terminal product in a ratio of 5/6=29/71. 20 were found to be the best catalysts for obtaining a perfect anti-Markovnikov addition product.
<<Table 3 and Eq. 2>>
Iridium(I)-catalyzed hydroboration of internal alkenes with pinacolborane is shown in Table 4 . Hydroboration of both (E)-and (Z)-4-octene resulted in the formation of pinacol 1-alkylboronates (entries 1 and 2). The corresponding reaction of (Z)-2-butene and (Z)-1-phenylpropene also resulted in isomerization to the terminal carbon (entries 3 and 4). Such isomerization to the terminal carbon, which is popular in catalyzed hydrometallation of internal alkenes, is greatly dependent on catalysts and borane reagents employed. It has been reported that such isomerization is slow in hydroboration with catecholborane using a neutral or cationic rhodium(I) catalyst 17 and that the use of much bulkier pinacolborane is more prone to afford the isomerized pinacol 1-alkylboronates 13, 16 (Eq. 3). The reaction also took place smoothly for cyclic alkenes such as cyclohexene and norbornene (entries 5 and 6) and for 1,1-disubstituted alkenes (entries 7 and 8). Hydroboration of trisubstituted alkenes such as 2-methyl-2-butene was very slow as was reported in related metal-catalyzed hydroboration. All attempts at finding a practical catalyst for trisubstituted alkenes failed, though a phosphine-free [IrCl(cod)] 2 exhibited a higher level of catalyst activity than that of phosphine complexes (entry 9). 
Iridium-catalyzed hydroboration of alkenes (Tables 3 and 5)
The catalytic hydroboration of alkenes with pinacolborane was carried out by the following general procedure. A round-bottom flask charged with [Ir(cod)Cl] 2 (0.015 mmol, 1.5 mol%) and dppm or dppe (0.03 mmol) was flushed with argon. CH 2 Cl 2 (3 ml), pinacolborane (1.2 mmol), and alkene (1.0 mmol) were added successively at room temperature. The mixture was then stirred at room temperature for the period shown in Tables. The reaction was quenched with methanol (1 ml) and water (3 ml), the product was extracted with ether, and dried over MgSO 4 . Chromatography on silica gel with CH 2 Cl 2 gave a pinacol 1-alkylboronate.
The spectral data of compounds synthesized in Tables 3 and 4 
2-(2-Pentafluorophenylethyl)-4,4,5,5-tetrametyl-[1,3,2]-dioxaborolane (2i):
1 H NMR (400 MHz, CDCl 3 ) δ 1.10 (t, J = 8.1 Hz, 2H), 1.23 (s, 12H), 2.79 (t, J = 8.1 Hz, 2H); 13 C NMR (100 MHz, CDCl 3 ) δ 16.9, 24.7, 83.3, 117.1, 138.0, 138.6, 140.5, 143.7, 146 .8, 30.1, 83.1, 124.9, 125.7, 125.7, 127.3, 127.4, 127.5, 127.7, 131.9, 133.6, 142. 8, 26.1, 38.6, 82.9, 125.5, 128.1, 128.5, 142.7; MS (EI) -5.35, 18.3, 19.0, 24.8, 26.0, 32.2, 70.0, 82.8 [17] [13, 16] present a) Isolated as the pinacol ester.
